 To Measure The Characteristic Impedance Of The Honey-comb Pick-up Strips Of An RPC Detector.
Our main aim in this experiment is solve the problem of signal transmission. A transmission line is a pair of parallel conductors exhibiting certain characteristics due to distributed capacitance and inductance along its length. When a voltage is suddenly applied to one end of a transmission line, both a voltage “wave” and a current “wave” propagate along the line at nearly light speed. If a DC voltage is applied to one end of an infinitely long transmission line, the line will draw current from the DC source as though it were a constant resistance
SET-UP : The main components used are

1. A Wavetek 100MHz Synthesized arbitrary waveform generator (model 395)

2. A Tektronix Digital Phosphor Oscilloscope (model DPO 4032)

3. A 100Ω Potentiometer used to vary resistance at the back end of strip.

4. A resistance matching setup called Patch Panel having a combination of resistance in series & parallel.

5. About ten meter long twisted pair cable (impedance 120Ω) for obtaining well separated incident signal & reflected signal.

6. A multi-meter  

7. An RPC Honey-Comb pick-up strips (The strips we have tested are 100cm×2.8cm in dim.)
All the above components are arranged as follows.

[image: image1.png]EU Uhm impedaree 7] ghm Readout Board

matchmg wisted cable

Declostope

Strips of dferent
Hidth

[erminating
Impedance Resistor

/

A

50 Ohm




THEORY:. 

• The characteristic impedance (Z0) of a transmission line is the resistance it would exhibit if it were infinite in length. This is entirely different from leakage resistance of the dielectric separating the two conductors, and the metallic resistance of the wires themselves.                      • Characteristic impedance is purely a function of the capacitance and inductance distributed along the line's length, and would exist even if the dielectric were perfect (infinite parallel resistance) and the wires superconducting (zero series resistance). 

• The characteristic impedance of a uniform transmission line, usually written Z0, is the ratio of the amplitudes of a single pair of voltage and current waves propagating along the line in the absence of reflections. The SI unit of characteristic impedance is the ohm. The characteristic impedance of a lossless transmission line is purely real, that is, there is no imaginary component (Z0 = | Z0 | + j0). Characteristic impedance appears like a resistance in this case, such that power generated by a source on one end of a transmission line is dissipated through the line but is not dissipated in the line itself. A transmission line of finite length (lossless) that is terminated at one end with a resistor equal to the characteristic impedance (ZL = Z0) appears like an infinitely long transmission line to the source.
• If the line has the same signal velocity down its length and it has the same capacitance per length down its length then with every step you, the signal, take you will see the same instantaneous impedance as you move down the line. Because this impedance is constant along the line, we give it the special name that says it is characteristic for this particular transmission line. We call it the “characteristic impedance” of the line. Characteristic impedance is the instantaneous impedance a signal sees as it moves down the line. If, as the signal moves down the line, it sees the same characteristic impedance with every step, we can label the line as a controlled impedance line.

What’s so Important about the Characteristic Impedance of a Transmission Line?

The instantaneous impedance, or characteristic impedance, is an important quality for a signal. If the impedance of the next step is the same as the last step, life will be wonderful and you will continue on as you were. If the next step is different than the last and the impedance changes, you will reflect a little energy back and what continues gets a little distorted.

For optimal signal quality, the goal in interconnect design is to keep the

Impedance the signal sees as constant as possible. This means primarily, keep the characteristic impedance of the line constant. Hence the growing importance in manufacturing controlled impedance boards. All the other tricks like minimize stub lengths, terminate the ends, daisy chain rather than branch, are all designed to keep the instantaneous impedance the signal sees constant.

Reflections 
A signal in a cable is usually the sum of the original signal and a reflected signal traveling in the opposite direction. If the reflection of the signal should lap with the original, it will cause distortion of the signal. Also echoes of the original signal going back and forth can lead to spurious counts. Reflections occur when signals travel through two cables of different impedances. They occur at the boundary interface of the two cables. 
If two cables of impedances R and Z are connected to each other, the value of the ratio of their difference to their sum gives the absolute value 
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ñ of the reflection coefficient for both cables. 
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When the two cables have equal impedances, then R equals Z, ñ becomes zero and reflection is avoided. 
Cable Termination and Impedance matching. 
Signal reflection and distortion can be avoided between cables by matching their impedances to each other. The NIM1 standard requires that all input and output device impedances and cables impedances be 50 ohms. But there are times when two cables or devices of two different impedances need to be interconnected to each other. When this need arises, the principle of termination is used. Termination is the addition of supplementary impedance(s) to the impedances of two devices or cables to adjust the load seen by both of them at their interface. Termination can be done either in series or in parallel or a combination of both. 
Calculating Characteristic Impedance-
From this simple model we can derive a value for the characteristic impedance, which is the instantaneous impedance the signal sees as it walks down the line.

The impedance seen in each step, Z, is just the basic definition of impedance:

Z = V/I
Before the results could be accepted they were tested for experimental accuracy by comparing them with a theoretical equation. The theoretical equation gives impedance as function of width to thickness ratio. To make this comparison, the impedance versus width to thickness ratio of each strip and the theoretical equation were plotted on the same graph. 
The theoretical equation is stated below. 
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PROCEDURE : To start  with, we have to first set the wave generator to give us a negative pulse of duration 10nanosecond and amplitude of 300mV.Now the wave generator has an input impedance of 50ohm and the wire connecting them to pick up strip has 120Ω impedance. So to match this we use the circuit given below.
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 Firstly we recorded the waveform of an open circuit, then we started varying the resistance from 10Ω to 100Ω in steps of 10Ω.We also take the readings from 41Ω to 50Ω with 1Ω step size. We get the different shapes of wave form.

 OBSERVATION-

We have analyzed the wave shapes in terms of the amplitude variation in them after recording them. From these wave forms, it is clear that as we go on decreasing the value of resistance from about 100Ω, the reflection goes on decreasing and then second reflection peak starts decreasing. At a particular value of about 50Ω the reflection becomes almost zero. We can say that the wave is fully terminated. On further decreasing the value, there is some positive reflections according to the variation in the resistance as in this case, the resistance of the transmission system is less than the receiving system so the image is inverted. Also we are not been able to separate much between the two reflected pulses because the distance between them is just 10ns i.e. 2m distance between two reflection points. 
CONCLUSION-

The characteristic impedance of the Honey-Comb Pickup strip of dimension 100cm×2.8cm×0.4cm comes out to be 50Ω.
